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Specifications y2 

1. Title of the Invention 

High-Strength Hot-Rolled Steel Plate and Its Manufacture 

2. Claim 

(1) A high-strength hot-rolled steel plate with outstar.ding 
moldability characterized by containing 0 . 02 to 0 . 2% of c, C . 7 to 2% 
of Si, 0.3 to 1.2% of Mn, 0.55 to 1.2% of Cr, and 0.005 to 0.1% of Al, 
with the S not more than 0.02%, the relationship between Si .nd Mn a 
ratio (Si%/Mn%) >1.1; and furthermore, comprising a ferrite ind 
martensite composite structure, with the martensitic area of this 
composite structure being 1 to 80%. 

(2) The hot-rolled steel plate of Claim 1 containing on.: or more 
Of 0.05 to 0.2% of Mo, 0.1 to 0.5% of Cu, 0.1 to 0.5 [%] of li and 
0.05 to 0.15% of P. 

(3) The hot-rolled steel plate of Claim 1 or 2 containirg one or 
more of 0.01 to 0.1% of Nb, 0.02 to 0.2% of V, 0.1 to 0.5% of Ti, and 
0.02 to 0.2% of Zr. 

(4) The hot-rolled steel plate of Claim 1, 2 or 3 contai ling one 
or more of 0.005 to 0.2% of a rare earth element and 0.005 to 0.01% of 
Ca. 

(5) A method for manufacturing a high-strength, hot-roll. :d steel ' 
plate with outstanding moldability characterized by containincr singly 

'Number in the margin indicates pagination in the foreign t.^xt. 
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or a mixture of 0.02 to 0.2% of C, 0.7 to 2% of Si, 0.3 to 1.2% of Mn, 
0.55 to 1.2% of Cr, and 0.005 to 0.1% of Al,. with the S no-, more than 
0.02% and the relationship between Si and Mn a ratio (Si%/in%) ^l.i, 
and as further needed, at least one of 0.01 to 0.1% of Nb, 0.02 to 
0.2% of V, 0.1 to 0.5% of Ti and 0.02 to 0.2% of Zr, at least one of 
0.05 to 0.2% of MO, 0.1 to 0.5% of Cu, 0.1 to 0.5 of Ni anc 0.05 to 
0.15% of P, and at least one of 0.005 to 0.2% of a rare earzh element 
and 0.005 to 0.01% of Ca, hot rolling at a hot rolling fini3h 
temperature of 800 to 900oc, performing a controlled coolin., at an 
average cooling speed of 5 to 80oc/sec.* from the hot rollin<r finish 
temperature to between the Ar, point to 550°C, and performir? a rapid 
cooling and coiling at an average cooling speed of 80oc/sec. or more 
between 350 to SOO^C. 
2. Detailed Specifications 

/270 

The present invention relates to a high-strength hot-roiled steel 
plate with outstanding shape retainability, in other words, excellent 
moldability wherein the elongation and f langeability are out standing 
and the yield ratio {0.2% proof stress/tensile strength) is ..ow. 

Due to automobile safety measures in recent years, making 
vehicles more lightweight has become an important issue in reinforcing 
car bodies and fuel consumption economy. The use of various high- 
strength steel plates has been investigated as means for solMng these 
conflicting problems. Of these, composite structure- type steel plates 
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have received attention recently. This composite- type steel plate is 
a composite structure containing systematically a ferrite piase and a 
low- temperature transformation structures (includes a marte isitic 
structure, and a partial bainitic and residual austenitic s iructure) . 
and it is a high-strength steel plate with a low yield ratio and 
improved moldability. However, the stretch, flangeability o:' these 
composite structure- type steel plates is inferior to that o; bainite 
steel, so even more improvement in moldability is required cverall. 

The present invention was achieved for the purpose of cbtaining a 
steel plate whose stretch flangeability is improved even more while 
maintaining the benefits of a composite structure- type steel plate. 

Namely, the present invention is a high-strength hot-roLled steel 
plate with outstanding moldability characterized by containi ig 0.02 to 
0.2% of C, 0.7 to 2% of Si, 0.3 to 1.2% of Mn, 0.55 to 1.2% >f Cr, and 
0.005 to 0.1% of Al, with the S not more than 0.02%, the relationship 
between Si and Mn a ratio {Si%/Mn%) sl.i; and furthermore, c ,mprising 
a ferrite and martensite composite structure, with the marte] .sitic 
area of this composite structure being 1 to. 80%.. Moreover, the steel 
plate of the present invention contains singly or a combination of, as 
needed, at least one of 0.05 to 0.2% of Mo, 0.1 to 0.5% of Ci, 0.1 to 
0.5 of Ni and 0.05 to 0.15% of P, at least one of 0.01 to 0.]% of Nb, 
0.02 to 0.2% of V, 0.1 to 0.5% of Ti, and 0.02 to 0.2% o"f Zr, and at 
least one of 0.005 to 0.2% of a rare earth element and 0.005 to 0.01% 
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of Ca. 

Furthermore, the present invention is method for manufacturing a 
high-strength, hot-rolled steel plate with outstanding mole ability 
characterized by hot rolling steel having the above -ment ior ed chemical 
constituents at a hot rolling finish temperature of 800 to 900<^C, 
performing a controlled cooling at an average cooling speed of 5 to 
80oc/sec. from the hot rolling finish temperature to betweei the Ar^ 
point to 550OC, and performing a rapid cooling and coiling it an 
average cooling speed of 80°C/sec. or more between 350 to 5 00oc. 

The present invention will now be explained in further detail. 
As a result of performing detailed studies on the stre ;ch 
flangeability, which is a drawback of steel with a composit..; 
structure, and the chemical constituents according to the present 
invention, it was proven that the relationship between Si ai.d Mn was 
important . 

Namely, as shown in Figure 2 of the below -mentioned practical 
example, when the weight ratio of the Si and Mn, i.e., Si%A.n% is 1.1 
or higher, the relationship between the strength and notch elongation 
(an index which indicates the stretch flangeability) is improved over 
a relationship at a weight ratio below that. 

The reason for such a phenomenon is unexplained, but th2 
following reason have been considered. 
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(1) The weight and length of the sulf ide-based inclusic ns after 
adding Si are reduced. 

There is also a large amount of Mn added; hence, the Si /Mn must 
be 1.1 or higher . 

(2) The reinforcing effect of Si is higher than that of Mn 
according to the work-hardening exponent (n) , and the stacking fault 
energy is reduced; hence, cell formation is slow, and as a r-sult, the 
cell size also is decreased, and elongation and drawing are ^oth 
excellent. 

(3) Si functions to accelerate the concentration of C into the 
untransformed y phase from ferrite, and as a result, it stab.lizes 
the ferrite-martensite composite structure, and at the same i ime, 
increases the difference in the hardness of martensite and f( rrite, 
and improve elongation by purifying the ferrite matrix. 

The reason for limiting each of the chemical constituents in the 
steel of the present invention will now be explained. 

0.02% or more of C is required for manifesting the effect for 
improving strength and quenchability . However, if an increase in the 
strength is planned with C, it is well known that the stretch 
flangeability worsens even at the same strength. If the amou.it of C 
is increased, there is the risk that the perlite area and a scrip 
structure will be brought about. In steel having a composite /211 
structure, the C in the martensite is concentrated; hence, th ; upper 
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limit of the C is more lenient than in the usual type of s-.ructure, 
but upon considering the meltability as well, the upper li::.it is made 
0.2%, and when moldability is especially demanded, it is m...de 0.14% or 


less . 


Besides the fact that Si plays a role in the deoxidat: on of ' ' 
molten steel, it is an element which enables an increase ir strength 
while keeping the deterioration of the cold moldability lo. , and it' 
also functions to impart high drawability. It is an element essential 
for further improving the stretch f langeability, as stated .bove. 

Moreover, it has a function for accelerating the cx 
transformation during a y-a transformation after hot rolling or 
annealing in a steel with a composite structure as in the p: esent 
invention, and at the same time, eliminating the a solid-soi.ution 
carbon into y. As a result, the purity of the a phase is i:.creased, 
and moreover, y stabilization is planned by concentration of the 
carbon into the y and the formation of martensite becomes easy; 
hence, the mechanical properties are improved. Thus, it is lecessary 
to increase [the amount of Si] to 0.7% or higher. However, .f too ' 
much of it is added, there is the risk that the ferrite area will 
expand too far, inviting embrittlement of the weld zone; hen..:e, the 
upper limit is 2%. 

Mn is an element required for fixing the S and preventii.g hot 

brittleness . 


PACE 10/30 • RCVD AT 8/25/2005 1 1 :21:05 PM [Eastern DayUght Time] • SVR:USPTO-EFXRF-6/24 • DN1S:2731253 • CSID:212 986 3461 ■ DURATION (mm-ss):11-58 


Aug 25 05 ll:37p 


Friedrich Kueffner 


212-986-3461 


p. 1 1 


In addition, Mn is also an effective element for incre;;sing 
strength, but it is not as effective as Si. Moreover, ther«- is the 
risk that it could adversely affect the control of the sulfide form 
and invite an increase in the perlite area; hence, the uppei limit of 
the amount of Mn is 1.2%. Moreover, the Mn is an element required for 
improving the quenchability, stabilizing the y phase during y-cc 
transformation and improving the mechanical properties. Soiretimes it 
is combined with Si and Cr, but adding at least 0.8% of it is 
desirable. 

Cr does not contribute anything, but it is an element u jed for 
gauging the higher strength and mechanical properties due to the 
effect for improving quenchability. Moreover, the Cr has a junction 
for accelerating the concentration of the C to y. For this j.urpose, 
the lowest amount is 0.55% is required, but when a large amo^.nt of Si 
is contained, as in the steel of the present invention, up tc 1.2% of 
it is plenty. Addition of an amount higher than that is undesirable 
since the amount of martensite becomes too high, the ductility 
deteriorates, and moreover, costs increase. 

Al plays a role as a deoxidizer during melting and 0.005% to 0.1% 
of it is contained. 

S forms a sulfide which worsens the ductility; hence, it is set 
to at most 0.02%, and desirably, at most 0.015% in order to alleviate 
this detriment. 
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Otherwise, according to the present invention, the fo] lowing 
elements can be contained, as needed. 

Mo, Cu, Ni and P have functions for stabilizing austerite and 
easily obtaining a hot-rolled steel plate with a composite .structure. 

In order to obtain these effects, addition of an amoun: greater 
than the lowest limit is required, and the respective amoun :s are 
determined for the best effects or because costs increase ripidly. 
Namely, a total of 0.6% or less of one or more of 0.05 to 0.2% of Mo, 
0.1 to 0.5% of Cu, 0.1 to 0,5% of Ni, and 0/02 to 0.15% of :> can be 
contained. 

The carbonitride- forming elements Nb, V, Ti and Zr hav( a 
precipitation hardening effect and an. effect for refining the ferrite 
particles, and they are effective elements for hardening without 
reducing the brittleness and stretch f langeability . 

Ti and Zr also are effective for controlling the sulfide form, 
and they are contained in the following ranges- in order to cotained 
such effects. Namely, a total of 0.25% or less of one or more of 0.01 
to 0.2% of Nb, 0.02 to 0.2% of V, 0.01 to 0.1% of Ti, and 0.02 to 0.2% 
of Zr may be contained. 

Rare earth metals (REMs) or Ca function in defusing the 
inclusions due to Ti and Zr effects for controlling the sulf -de form, 
and increasing the moldability. In order to obtain this eff -ct, a 
total of 0.2% or less of one or more of about 0.005 to 0.2% of REM, 
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and 0.005 to 0.01% of Ca are contained. 

The area ratio of the martensite in the composite stru :turG of 
ferrite and martensite (sometimes part perlite and residual austenite) 
will now be described. As shovm in Fig. 4, the yield ratio greatly 
depends on the martensite area ratio. In order to maintain a low 
yield ratio, which is a property of a composite structure- tj pe steel, 
it is necessary to make the martensitic area ratio 1 to 80%, and 
desirably, 8 to 15%. 

The method of the present invention will now be explained. 

The method for manufacturing the steel plate with a /212 
composite structure according to the present invention is a nethod for 
making a hot-rolled steel with a composite structure as is b/ 
controlling the hot rolling conditions and then the cooling 
conditions . 

First of all, a basic approach thereof will be explaine<l 
according to Fig. 1, 

In Fig. 1, hot rolling of a steel slab with the prescriled 
constituents is started at and the hot rolling is finished at T^ 
(hot rolling finishing temperature). After the hot rolling is 
finished, it is subjected to a controlled cooling to T3 (temperature 
at which cooling speed is changed) at a cooling speed of C, 
(controlled cooling speed) . After the controlled cooling, it is 
rapidly cooled from T3 to T, (coiling temperature) at a coolirg speed 
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Of C2 (rapid cooling speed), and coiled at T4. 

The mechanism from a metallurgical standpoint for charging the 
steel in this manufacturing process is as follows. First cf all, in 
the process from^T, to T3 .e^ts the range in which the majc-rity 
ferr ite phase and the residual austenite phas'r"<^iit. Due to the 
relative slow cooling in this interval, the solid^'solution rarbon in 
the ferrite is concentrated into austenite, y stabilization is 
planned, and at the same time, a ferrite phase with little lolid- 
solution C is purified; hence, the ductility is improved and strain 
aging is prevented due to the solid-solution C. Furthermor.., there is 
even a preliminary stage for obtaining a more desirable secc nd phase 
proportion, which is important for this process. The process from T3 
to T, is one f ormaking_t he untra ns f ormed y ha ving_the above-mentioned 
concentrated carbonjiext. A faster cooling speed than C, is required. 
Furthermore, T, is an important temperature for mrki^^the 
untransformed y a low- temperature transformation product, buz the 
stability of vl^^hi^irTrTth^ hence, 
the necessa^^ 'ailounT^^ ^^.^^^ 
350 to 500°C. " " 

Next, the respective temperatures and cooling rates in r.he 
manufacturing process of the present invention described above will 
now be explained specifically on the basis of experimental fccts! A 
steel slab in which the C, Si, Mn, and the like are adjusted with the 
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prescribed constituents is prepared; this slab is heated, h )t rolling 
is performed, and a hot-rolled steel plate is obtained. Th.s hot 
rolling finishing temperature (T,) is one (1) point of the present 
invention. By appropriately doing the subsequent controllec cooling, 
even without particularly limiting the temperature close to 750°C, 
outstanding properties are even obtained at a higher tempera ture 
finishing (in other words, the usual hot rolling finishing) 
temperature. Consequently, it is thought that the shape" of zhe' plate 
easily deteriorates by increasing the sheet crown quantity aid the 
like due to a low-temperature rolling, so the hot rolling finishing 
temperature was limited to 800 to 900°C. 

After hot rolling, the steel plate is cooled to T3, but the 
cooling speedj:^is an important point of the presenr'inventi Dn until 
T_3. Namely, in order to obtain the desired composite structure, in a 
CCT graph, the cooling speed in this range, which is the cooling speed 
between perlite and an intermediate structure (bainite) , is reduced, 
and a ferrite-perlite structure is obtained and the desired mechanical 
properties, as mentioned above, are not obtained. However, if the 
ferr_ite_area in the f errite-bainite structure is 60 to 80%, aid 
desirably, at least 80%, this temperature is not li^J^i^. 

The reason for this is because untransformed y remains i: 1 the 
bainite structure during y-cc transformation, and this y is 
transformed to martensite in the subsequent cooling process. 
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C, is a cooling speed at 5 to 30oc/sec. according to the present 
invention. At this cooling speed, this is a structure in uhich the 
ferriteJormed_su£^^^^ to_^ and the un transformed 

Y_coe_xist, but this temperatur"; ("the T,) also is an important point. 
Naxnely, if the T3 is increased, the ferrite, which is the p. rent phase 
is not formed sufficiently, and there is more than the necessary 
proportion of the second phase; hence, the ductility is compromised. 
In addition, if the T3 is lowered, there is the risk that tl e 
aforesaid untransf ormed y will be transformed to bainite or perlite 
at C. It is necessary to not lower it more than necessary since the 
desired mechanical properties will not obtained, a reduction in the 
productivity will be brought about, etc. The T3 ranges from Ar, to 
550OC on the basis of these experimental facts. The structural 
constitution for obtaining the desired mechanical properties have been 
roughly determined, but now, more importantly, not only is tne carbon 
in the ferrite eliminated into austenite by relatively slowl/ cooling 
at C, or 5 to 30%/sec. and y stabilization is planned by 
concentration of the carbon, the ductility is improved and s :rain 
aging is prevented since ferrite with little solid-solution ...arbon can 
be purified. 

Furthermore, the cooling speed£,_ between T3 and T, is f o /213 
transforming the untransformed y to hard mirtens~ite7"that is, for 
obtaining a f e^ rite-marten^Ite^stru^u^''' to the present 
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invention, the C, is 30oc/sec. or higher, and desirably, 30 to 
SO^C/sec. It is necessary that the strength of the second :>hase be as 
hard as possible, but it is not necessary to hasten C, more than 
necessary for that reason. When the carbon concentration ij. the 
untrans formed ferrite is produced sufficiently between the <.bove- 
mentioned T, and T3, and as long as the untransf ormed y is snail, the 
carbon concentration in the y is increased in a balanced mar ner. In 
this state, the second phase can be made a sufficiently hare phase in 
order to obtain the desired mechanical properties even if tbs is 
relatively slow. 

The steel plate is subsequently coiled at a prescribed roiling 
temperature, but this coiling temperature (TJ also is an imfortant 
point in the present invention. That is, in order to proven : 
softening of the second phase by tempering, it is desirable .0 cool it 
to room temperature at Cj, but deterioration of the ductility and 
strain aging, a decrease in productivity, and the like due tc solid- 
solution carbon remaining in the process to T4 are prevented. 
Moreover, in order to better the coiled shape of the coil, it is 
desirable to coil it at 350 to 500°C. By making the structure of the 
steel plate a composite structure with a hard, low-temperatui 3 
transformation structure (martensite and partial bainite) in . the 
method described above, and making the volume of the second p.iase at 
that time 10 to 80%, and preferably, 10 to 20%, a high-streng ih, hot- 
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rolled steel plate with an outstanding balance between a lew yield 
ratio and a strong ductility is obtained inexpensively. 

The steel plate of the present invention can be manufactured 
according to the method as described above, but the steel plate of the 
present invention also can be obtained in a continuous annealing 
method, etc. 

The practical examples of the present invention are shown next 
along with the comparative examples . 

After hot rolling of the steel with the constituents sl.own in 
Table 1 at the hot rolling finishing temperature (T,) 825oc vas 
finished, it was coiled by cooling it to 600 (T,) onward az 
20°C/sec. (Ci) and from eoo^c at 50oc/sec. (C,) . The coilincr 
temperature was 400oc for steel nos. 1 to 6, 450oc, for no. 7, 3 60oc 
for no. 8, 350«C for no. 17, and 250oc for nos. 18 and 19. Moreover, 
C, is 3 0oc/sec. for steel no. 17, and is 60«C/sec. and Ls 
60oc/sec. for steel no. 18; these speeds vary for the other steel. 
The mechanical properties and the structure of the steel plaie 
obtained in this way are shown in Table 2 . 

The yield ratio (yield stress/tensile strength) and the strength 
and elongation balance (T.SXEl) here are often used as indic-is 
indicating moldability. It is thought that the lower the yiold ratio 
and the higher the value of the strength/elongation balance, the more 
outstanding the shape retainability and moldability are. 
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The yield point elongation is related to the emergence of a 
wrinkle pattern in parts sustaining a tensile stress during working. 
The lower the value of the yield ratio strength the better it is for 
forming the same pattern. Notch elongation shows the boundaries at 
which shaping can be done without cracks developing while sustaining a 
stretch-flanging molding, as with bolt hole molding for wheel disks. 
It is thought that the stretch f langeability is outstanding. 
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Table 2 


Notss 



In Table 2, it is already known that the influence of the amount 
of Cr is large. That is, the steel no. 15 of the present indention in 
which the amount of Cr is too low is a hot-rolled f errite-perlite 
structure as is, yield point elongation develops, and the yi =ld ratio 
also is high. If the amount of the Cr is too high. (steel no. 14) the 
strength is too high, the yield ratio is high, and the elong ition 
decreases. All of the steel whose Cr quantity is within the range of 
the present invention show outstanding elongation and a low --ield 
ratio, and they comprise a majority fine polygonal ferrite, i-. little 
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martensite, and residual austenite. 

The stretch f langeability of the steel no. 11 with a S: /Mn lower 
than the lower limit of the present invention is more infer; or than 
the steel having the range of the present invention. The results for 
the stretch f langeability have been shown in Table .2 . As seen from 
Fig. 2, all of the high-strength hot-rolled steel plate of the present 
invention have more outstanding stretch f langeability at the same 
level of strength than the hot-rolled steel plate of the coirparative 
example. The stretching f langeability can be improved if tha amount 
and the shape of the inclusions are controlled by adjusting -,he weight 
ratio of the Si and Mn added after reducing the amount of S :o at 
least 1.1. Moreover, if a rare earth elemerit, such as Ce, ij added, 
as in steel no. 3, not only the stretch flange property- but also 
molding can be improved. 

The steel no. 16 wherein the amounts of Si and Mn are Icwer than 
the lower limit of the present invention is typically f errite.-perlite; 
the yield ratio is high and the strength is low. 

Steel no. 4 is an example of the present invention in wl ich Mo, 
Cu and Ni, which have action for strengthening or stabilizing 
austenite, are added to the basic constituents. It has a lover yield 
ratio and more excellent elongation at a high coiling tempercture than 
a steel with the basic constituents. 
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Steel nos. 5 to 7 are examples of the present invention in which 
Nb, Ti, and the like having precipitation hardening, and a fine grain 
reinforcing action is added to a steel with the basic cons :ituents . 
In spite of the high strength, the elongation, and especially, the 
stretch flangeability is more outstanding than a. steel witii basic 
constituents. 

Moreover, the relationship between the amount of marte-nsite and 
the yield ratio of the ferrite and martensite structural steel is 
shown in Fig. 8 and Table 2, but as understood from Fig. 3, the amount 
of martensite (area) ranges from 1 to 30%, and a low yield ratio is 
maintained. 

4. Brief Description of the Figures 

Figure 1 is a drawing conceptually showing the manuf ac -uring 
method in the present invention; Figure 2 is a drawing show .ng the 
tensile strength and the notch elongation of the steel of t]...e present 
invention and the steel for comparison; and Figure 3 is a drawing 
showing the relationship between the martensitic area ratio and the 
yield ratio for the ferrite and martensite structural steel. 
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